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Summary
Dynamic force microscopy (DFM) was used to image
human rhinovirus HRV2 alone and complexed with
single receptor molecules under near physiological
conditions. Specific and site-directed immobilization
of HRV2 on a model cell membrane resulted in a crys-
talline arrangement of virus particles with hexagonal
symmetry and 35 nm spacing. High-resolution im-
aging of the virus capsid revealed about 20 resolvable
structural features with 3 nm diameters; this finding
is in agreement with protrusions seen by cryo-electron
microscopy. Binding of receptor molecules to indivi-
dual virus particles was observed after injection of
soluble receptors into the liquid cell. Virus-receptor
complexes with zero, one, two, or three attached re-
ceptor molecules were resolved. The number of re-
ceptor molecules associated to virions increased
over time. Occasionally, dissociation of single recep-
tor molecules from viral particles was also observed.
Introduction
Atomic force microscopy (AFM) was invented in 1986
(Binnig et al., 1986) and has been used for the visualiza-
tion of biological structures since then. Its great advan-
tage, as compared to high-resolution methods like
electron microscopy and X-ray diffraction, is that the
measurements can be carried out in a fluid environment
under physiologic conditions. This results in a conser-
vation of the native state of the specimen, i.e., staining,
freezing, or crystallizing is not required. In recent years,
considerable attention was focused on high-resolution
imaging of individual biological molecules and their com-
plexes (Engel and Muller, 2000; Horber and Miles, 2003).
Understanding how complexes of biomolecules are as-
sembled under physiological conditions is of funda-
mental importance to elucidate their function. In addi-
tion, AFM not only allows supramolecular complexes to
be imaged under near-physiological conditions, but it*Correspondence: ferry.kienberger@jku.atalso allows for monitoring and visualizing dynamic pro-
cesses at the single-molecule level (McPherson et al.,
2003; Kienberger et al., 2004b).
Since AFM operates by scanning a pointed probe
horizontally over a surface, the vertical force applied to
the biological sample is adjusted to minimal values to
prevent deformation or even destruction of weakly ad-
hering biomolecular complexes (Hoh et al., 1993; Foti-
adis et al., 2002). Problems arising from unfavorable
probe-surface interactions, particularly lateral force,
have been largely overcome by the development of dy-
namic force microscopy (DFM) methods (Putman et al.,
1994; Han et al., 1996). In DFM, the cantilever is oscil-
lated close to its resonance frequency at a few nano-
meters of amplitude as it raster-scans over the surface
and touches the sample only at the end of its down-
ward movement. Accordingly, DFM imaging has been
mainly employed for the investigation of soft biological
membranes and supramolecular complexes, in which
minimizing the lateral forces is of special importance
(Kienberger et al., 2003).
Here, DFM was used to study complexes between
human rhinovirus serotype 2 (HRV2) and derivatives of
one of its receptors, the very low-density lipoprotein
receptor (VLDLR), under physiological conditions. HRVs
belong to one of the largest and most important fami-
lies of viral pathogens, the picornaviruses. With a diam-
eter of 30 nm, they are among the smallest RNA-con-
taining viruses; their genome is surrounded by a protein
shell made of 60 copies of the asymmetric unit, each
containing 4 polypeptide chains. The four viral coat
proteins, VP1–VP4, are arranged on a T = 1 (pseudo T =
3) icosahedral lattice.
As the major cause of the common cold, these
viruses have already been extensively studied, both by
cryo-electron microscopy (cryo-EM) and X-ray crystal-
lography (Semler and Wimmer, 2002). Despite their high
level of antigenic diversity, HRVs exhibit strong speci-
ficity with respect to the receptor molecules they use
for cell entry. The majority of HRVs (89 serotypes be-
long to the “major group”) bind to human intercellular
adhesion molecule 1 (ICAM-1) (Ledford et al., 2004),
while 12 serotypes of the minor group (HRV2 used in
this study belongs to this group) bind to various mem-
bers of the low-density lipoprotein receptor (LDLR)
family (Hofer et al., 1994; Vlasak et al., 2005). The bind-
ing sites of ICAM-1 on the major group viruses have
been located at the base of the canyon by using cryo-
EM (Olson et al., 1993). Employing the same tech-
niques, the binding site of the very low-density lipopro-
tein receptor (VLDLR) on the minor group virus HRV2
was recently localized (Hewat et al., 2000). It was found
that the footprint of a single recombinant module (V3)
of VLDLR on HRV2 lies on an annulus on the dome at
the 5-fold axis. Concatenated artificial pentamers of V3
have been shown to bind around the 5-fold axes of the
virion, and this binding most probably occurs in a coor-
dinated manner and involves all five modules (Konecsni
et al., 2004). Since there are 12 5-fold axes per viral
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1248particle, the same number of possible binding sites ex-
ist for the VLDLR receptor constructs used in this study.
In the following, we report on the imaging of virus-
receptor complexes (HRV2 complexed with VLDLR5x3)
with various numbers of attached receptor molecules,
where association and dissociation of single receptors
was followed over time. The virus-receptor interaction
resulted in attachment of viral particles in a specific and
site-directed manner to a model cell membrane. High-
resolution imaging of the virus capsid revealed sub-
structures similar to those seen in cryo-EM studies.
Results and Discussion
Crystalline Arrangement of HRV2
on Model Cell Membranes
For specific and tight immobilization of virus particles,
we used the previously developed method of assem-
bling HRV2 on artificial membrane interfaces that mimic
the cell surface (Kienberger et al., 2001). A supported
lipid bilayer containing Ni2+-nitrilotriacetate (NTA) lipids
as functional groups in the outer leaflet at high surface
density was assembled onto mica by using the Lang-
muir-Blodgett technique. The specific interaction be-
tween Ni2+-NTA lipids embedded in the bilayer and sol-
uble His6-tagged VLDLR1–8 receptors (the entire ligand
binding domain with all eight repeats) was used to as-
semble a planar matrix of laterally diffusing receptor
proteins. A similar strategy has been used previously
to obtain two-dimensional crystals of a His6-taged HIV
reverse transcriptase (Kubalek et al., 1994). This tech-
nique appears to be ideally suited to obtain regular
lattices of virus particles under near-physiological con-
ditions (Figure 1A). HRV2 was added to the receptor-
carrying membrane by injection into the AFM liquid cell.
After incubation for 2 hr, a densely packed layer of virus
particles covering the surface was observed in the to-
pographical image (Figure 1B). The virions attached in
a tightly packed single layer arrangement. Since Ca2+
is required for specific virus-receptor binding (Lonberg
and Whiteley, 1976; Basu et al., 1978), a densely packed
virus layer resulted only when Ca2+ was present in
buffer solution. In the absence of Ca2+, the virus cov-
ered the receptor-modified bilayer only sparsely (Kien-
berger et al., 2001). As determined from the cross-sec-
tion profile (Figure 1B, inset), the height difference
between regions covered with virus and areas that were
devoid of virus particles was w31 nm. This is in excel-
lent agreement with the value of 30 nm derived from
X-ray crystallography (Verdaguer et al., 2000) and
electron microscopy (Hewat and Blaas, 1996). Smaller
scan size images exhibited a regularly packed layer of
virus particles with crystalline patches extending over
w500 nm (Figure 1C). The patches appear to be ori-
ented differently, and various defect structures can be
observed. A hexagonal arrangement of virus particles
on the model cell membrane was visible on a smaller
scale (Figure 1D). Superposition and averaging of the
two-dimensional virus crystal thereby revealed a
slightly deformed hexagonal lattice with a mean center-
to-center distance of 35 nm (cf. Experimental Pro-
cedures); the average unit cell of the virus is shown as
inset in Figure 1D, together with the Fourier spectrum
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bhat reveals a hexagonal arrangement of spots (Kuznet-
ov et al., 1997). Accordingly, the method of immobiliz-
ng virus particles specifically via cell receptor proteins
o a fluid supported bilayer turned out to be very useful
or achieving a tight, crystalline arrangement of virus
articles.
maging Substructures of the Virus Capsid
lthough specific and strong binding of HRV2 to the
odel membrane rendered the virions resistant to tip-
nduced movement, the soft bilayer most probably
ampered high-resolution imaging of the virus capsid.
etter images were obtained when the virus was immo-
ilized directly onto the mica surface (Kuznetsov et al.,
001). We thus changed to an unspecific immobiliza-
ion of HRV2 by using divalent cations (i.e., Ni2+) as a
ridge between the negatively charged mica and the
irus (Kienberger et al., 2004a). For virus adsorbed to
ica in this manner, stable imaging was obtained in
uffer solution over many hours by using imaging
arameters resulting in low contact forces. In particular,
he free oscillation amplitude, the amplitude reduction
or the feedback while imaging, and the spring constant
f the cantilever are the critical parameters to be ad-
usted (Kienberger et al., 2004c). A careful selection of
hese parameters resulted in stable imaging of the
eakly adsorbed viruses without mechanical distor-
ion, yielding high topographical resolution (Figures 2A
nd 2B). Similar to the virions bound to receptors sus-
ended in a lipid bilayer (Figure 1), virions immobilized
n bare mica surfaces were densely packed over mi-
rometer areas with a height of w31 nm, as obtained
rom cross-section profiles (data not shown); this is the
ame value as that obtained on the model cell mem-
rane. In addition, a regularly spaced pattern was ob-
erved on almost all viral particles (Figures 2A and 2C).
his might reflect the protrusions on the surface of the
iral capsid known from cryo-EM and X-ray imaging.
hese substructures were more clearly discernable
pon contrast enhancement (Figure 2D, cf. Experimen-
al Procedures). Roughly 20 blobs or protrusions with
iameters of 2–4 nm and heights of w0.3 nm were
ounted on each viral particle; they arranged in lines of
5 protrusions per line (see labeling in Figure 2D). Virus
apsids did not appear to be strictly globular in shape,
ut rather the projection of the particles exhibited some
traight borders akin to their polygonal surface features
hat were also observed by cryo-EM (Verdaguer et al.,
000; Kienberger et al., 2004a). The rhinovirus capsid
isplays a star-shaped pentameric dome on each of the
cosahedral 5-fold axes surrounded by a canyon; a tri-
ngular plateau is centered on each of the 3-fold axes.
ccordingly, 12 pentameric domes and 20 raised trian-
ular plateaus are present on the full virus particle.
ince the AFM tip can principally scan only the upper
alf of the virus, 16 protrusions are, in principle, recog-
izable on a virus hemisphere; this value is fairly close
o the roughly 20 blobs observed. In addition, the cen-
er-to-center distance of single protrusions is about 7
m (Figure 2D). This is in the same range as the dis-
ance between the plateau at the 3-fold axis and the
lateau at the 5-fold axis seen in the structures solved
y cryo-EM image reconstruction and X-ray diffraction
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1249Figure 1. Crystalline Arrangement of HRV2
on a Receptor-Containing Lipid Bilayer
(A) Sketch illustrating the specific binding of
HRV2 to receptor molecules (MBP-VLDLR1–8)
anchored via His6-NTA to a lipid bilayer. A
high surface density of receptors on the bi-
layer leads to full coverage with virus.
(B) Large-scale topographical image of a
densely packed virus-layer immobilized on a
receptor-containing membrane. According
to the cross-section profile (inset), the height
of the layer was determined to w31 nm.
Scan size was 4 m.
(C) Crystalline patches of virus particles spe-
cifically bound to the receptor-containing
membrane. The crystals were oriented dif-
ferently (scan size 1.5 m).
(D) Hexagonal arrangement of the virions on
the model cell membrane at a scan size of 400
nm. Inset (upper right): the Fourier spectrum
exhibits hexagonally arranged spots (arrows)
at frequencies corresponding to the center-to-
center distance of HRV2 in the crystal pack-
age. Inset (lower right): averaged three-dimen-
sional representation of the virus arrangement
with a center-to-center distance of 35 nm.virus are shown as an inset in Figure 2D.
Figure 2. Virus Particles Adsorbed onto Bare
Mica Surfaces
(A) Densely packed HRV2 layer prepared by
physical adsorption from solution onto mica
by using bivalent cations. The close apposi-
tion of the virions results in some deforma-
tion. On most of the virus particles, substruc-
tures can be recognized. Scan size was 200
nm.
(B) Single virus particles imaged at the small-
est possible scan size (40 nm).
(C) Three-dimensional representation. Roughly
20 protrusions were counted on each single
virus particle. Image size is 80 nm.
(D) Contrast-enhanced image. Singly re-
solved structures (labeled one to five) with
diameters ofw3 nm and heights ofw0.3 nm
are clearly visible. Image size is 80 nm. Inset:
external surface of HRV2 as derived from
X-ray coordinates. All atoms within a dis-
tance of 152 Å from the center of the virion
were removed in order to emphasize the pro-
trusions at the 5-fold and the 3-fold axes.
The view is centered on a 3-fold symmetry
axis.
face via Ni , and MBP-VLDLR5x3 was injected into theanalysis. For comparison, all atoms on a virus hemi-
sphere at a distance R152 Å from the center of theImaging Receptor-Virus Complexes
Virus particles were adsorbed directly onto mica sur-
2+
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1250liquid cell of the AFM. This artificial soluble receptor
consists of the maltose binding protein followed by five
copies of the ligand binding repeat number 3 arranged
in tandem; the concatemer has a total molecular mass
of w67 kDa. Based on structural analysis by cryo-EM
and X-ray crystallography, it is known that the recep-
tors bind to the icosahedral 5-fold axes of HRV2 (Verda-
guer et al., 2004). Capillary electrophoresis resolved
populations of virus-receptor complexes with a stoichi-
ometry of 1:1 up to 1:12 (Okun et al., 2001; Konecsni et
al., 2004). This strongly indicated that 12 such recep-
tors bind to the 12 vertices of the virus. After incubation
of the immobilized virus with the receptor, single recep-
tor molecules were clearly visible as white blobs on in-
dividual virus particles (Figure 3A, arrows). They ap-
peared as blobs with diameters of w8 nm and heights
ofw1.5 nm. Similar shapes and dimensions were found
for receptor molecules alone adsorbed onto a bare
mica surface (Figure 3A, inset). The center-to-center
distance of the receptors around the 5-fold axes was
found to be 10–20 nm (Figure 3), a value that corres-
ponds rather well to roughly 15 nm, as derived from
the X-ray structure (Verdaguer et al., 2000, 2004). Virus-
receptor complexes at different stoichiometry, i.e., with
different numbers of bound receptor molecules, were
resolved (Figures 3A and 3B, arrows). Complexes with
zero (0), one (I), two (II), and three (III) receptor mole-
cules were distinguished (Figure 3C). A maximum of
three receptor molecules per virus particle is expected
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mFigure 3. Imaging of Virus-Receptor Com-
plexes
Virus was adsorbed to mica as in Figure 2.
(A) After injection of receptor molecules
(MBP-VLDLR5x3), virus-receptor complexes
with either one or two receptors were clearly
visible (arrows). The receptors were w8 nm
in diameter andw1.5 nm in height. Scan size
was 100 nm. The inset shows single receptor
molecules (arrows) adsorbed onto bare mica
surface exhibiting the same diameter and
height as those bound to the virus particle.
(B) Receptor-virus complexes with one, two,
and three receptor molecules (arrows). Scan
size was 100 nm. The inset shows the X-ray
structure of HRV2 carrying 12 sets of 5 re-
ceptor modules (PDB accession code 1V9U),
displayed with RasWin. Red spots depict the
bound receptor molecules on the 5-fold
axes (arrows).
(C) Virus-receptor complexes with different
coverage. Either no (0), one (I), two (II), or
three (III) receptors were found on single
virus particles.
(D) Histogram of the number of receptors at-
tached per viral particle after 1 hr of receptor
incubation (thick bars, blue). In total, 54
virus-receptor complexes were used to con-
struct the histogram. The distribution was fit-
ted with a binomial distribution (thin bars,
red).to be visible, assuming that the AFM tip is only able toaster the upper part of the virus; this is demonstrated
n the inset of Figure 3B, showing the X-ray structure
f HRV2 carrying 12 sets of 5 receptor modules each
Verdaguer et al., 2004). The distribution of the number
f bound receptor molecules per viral particle is shown
n Figure 3D. The first pin (number 0) corresponds to
ree virus; the following pins correspond to complexes
ith different receptor occupancies as indicated by the
umbers. The distribution was fitted by using a bino-
ial model, giving the number of possible states and
he binding probability as the only fit parameter (cf. Ex-
erimental Procedures). The best fit is obtained with
our possible states (i.e., zero, one, two, or three bound
eceptors) and a binding probability ofw0.1, indicating
hat the assumption of an independent receptor bind-
ng to 1 of the 12 binding sites on the virus is in good
greement (Konecsni et al., 2004).
To verify that the white blobs are indeed receptor
olecules, the virus-receptor interaction was blocked
y complexing the Ca2+ with EGTA, and, subsequently,
mages of virus particles were acquired with receptor
resent in the buffer solution. Similar to what was seen
ith the binding of virus particles to the receptor-con-
aining lipid bilayer (cf. Figure 1), almost no receptor
olecules were observed on the viral particles when
a2+ was absent, even after prolonged incubation times.
o further investigate the binding kinetics of receptors
o virus particles (in the presence of Ca2+), their attach-
ent was followed over time. The same virus particleswere imaged repeatedly while the receptors were left in
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1251the liquid cell. White blobs were seen in the second
scan (Figures 4B and 4D; labeled “on”), but were ab-
sent in the first scan (Figures 4A and 4C). This suggests
that the observed spots are indeed receptor molecules
that had attached during the 10 min that elapsed be-
tween taking the two images. Furthermore, some of the
white spots in the first scan (Figure 4A, arrows) were
absent in the second scan (Figure 4B, labeled “off”) and
apparently arose from virus-receptor dissociation.
Upon extension of the incubation to 2 hours, the virus
particles were fully covered with receptor molecules
(data not shown). However, due to their high density, it
was difficult to localize individual receptor molecules.
Conclusions
The immobilization of virus particles via cell receptor
proteins resulted in a two-dimensional crystal with hex-
agonal symmetry; the average lattice constant ob-
tained was similar to the diameter of the virus, i.e., 35
nm. Binding of the virus to a receptor-modified bilayer
closely mimics the binding to its receptor on the host
cell plasma membrane and is thus ideally suited for
studies of viral dynamics and recognition under near-
physiological conditions. The specific and site-directed
immobilization of viral particles to the receptor-contain-
ing membrane is complementary to the binding of re-
ceptor molecules to immobilized viral particles. For
instance, removal of Ca2+ from the buffer solution pre-
vents both the binding of virus to the receptor-modified
membrane and the binding of receptor molecules to the
viral particles. Stable imaging without mechanical dis-Figure 4. Following the Binding of Receptor
Molecules to Virus Particles in Real Time
(A and B). The same viruses were imaged
twice while receptor molecules were present
in the liquid cell. Some white blobs obtained
in the (B) second scan (labeled with “on”),
were not present in the (A) first scan. Follow-
ing the detachment of receptor molecules,
some of the white blobs in the (A) first scan
(labeled with arrows) were not obtained in
the (B) second scan (labeled with “off”). The
time lag between both scans was 10 min.
Scan size was 80 nm.
(C and D) Several white blobs are discern-
able in the (D) second scan (arrows), but are
not present in the (C) first scan. The time lag
between both scans was 10 min; scan size
was 180 nm.tortion was obtained in buffer solution over many hoursfor virus particles either bound specifically to the model
cell membrane or unspecifically to the mica surface.
High-resolution imaging of the virus capsid revealed a
regular arrangement of 3 nm-sized protrusions similar
to that seen in cryo-EM and X-ray diffraction studies.
The achieved resolution was comparable to the resolu-
tion of electron microscopy, however, the latter method
requires the sample to be frozen in amorphous ice,
whereas AFM measurements were carried out under
near-physiological conditions, i.e., at room temperature
and in buffer solution. After injection of receptor into
the buffer solution, virus-receptor complexes at dif-
ferent stoichiometry were obtained, and individual re-
ceptor molecules were localized on the virus particles.
By resolving various numbers of bound receptors (i.e.,
zero, one, two, or three), the distribution of occupancy
was fitted with a simple binomial model, suggesting
that the receptor molecules can bind independently to
the viral binding sites; this is a reasonable assumption,
because their distance on the viral surface excludes
steric hindrance. Virus-receptor complexes were formed
in a time-dependent manner with increasing stoichiom-
etry, and the dissociation of single receptor molecules
from viral particles was observed. The results demon-
strate the ability of DFM to perform single-molecule
binding studies on complex biomolecular assemblies
under physiological conditions.
Experimental Procedures
Preparation of Virus and Recombinant Receptors
HRV2, originally obtained from the American Type Culture Collec-
tion (ATCC), was prepared in HeLa-H1 cells grown in suspension
Structure
1252culture and was purified by sucrose density gradient centrifugation.
A detailed protocol for the isolation of HRV2 particles can be found
in Kienberger et al., (2004c). Recombinant VLDL receptor frag-
ments encompassing the entire ligand binding domain (8 repeat
units) for the lipid bilayer experiments were expressed in bacteria
as a fusion with maltose binding protein (MBP-VLDLR1-8), folded
in vitro, and purified as described. In contrast, for imaging upon
complexation with the viral particles, recombinant receptor frag-
ments with five identical modules (V3) arranged in tandem were
used (MBP-VLDLR5x3); all receptors had a His6 tag attached at
their C termini.
Preparation of Model Cell Membranes
A supported lipid bilayer was prepared on freshly cleaved mica
(Gröpl, Tulln, Austria). A POPC monolayer was deposited by using
the Langmuir-Blodgett technique, whereas the second monolayer
consisting of 95% POPC and 5% NTA lipid was transferred by hori-
zontal dipping; for details, see Kienberger et al., (2001). The bilayer
was then incubated with NiCl2 (2 mM) to load the NTA groups and
washed, and a solution of His6-tagged MBP-VLDLR1–8 (0.3 mM)
was added and incubated overnight. After washing with a Ca2+-
containing buffer (10 mM Tris, 150 mM NaCl, 1 mM CaCl2 [pH 7.5]),
the lipid bilayer with attached receptor was incubated with HRV2
(w0.1 mg/ml) for 2 hr, and nonattached virus was washed away.
HRV2 Immobilization onto Bare Mica
Surface and Receptor Binding
Ten microliters of 1 mg/ml HRV2 in 50 mM Tris-HCl and 5 mM NiCl2
(pH 7.6) was deposited onto freshly cleaved mica for 15 min and
washed with the same buffer. Prior to incubation with receptor, the
buffer was exchanged for 50 mM Tris-HCl, 5 mM NiCl2, and 2 mM
CaCl2. Receptor constructs (MBP-VLDLR5x3) were then injected
into the fluid cell at a final concentration of about 30 g/ml and
incubated forw1 hr. For data presented in Figure 3, excess recep-
tor was washed away, whereas, for data in Figure 4, the receptor
was left in the liquid cell, and receptor binding was recorded over
time. Blocking experiments were done in the same way as that
described above, but with 50 mM Tris-HCl, 5 mM NiCl2, and 1 mM
EGTA, i.e., Ca2+ was absent from the buffer solution while the re-
ceptor was present.
AFM Imaging
All topographical images shown were acquired in buffer with a
magnetically driven MACmode AFM (Molecular Imaging, Phoenix,
AZ) by using magnetically coated MacLevers (Molecular Imaging).
Amplitude-distance cycles were used to adjust the free cantilever
oscillation amplitude tow5 nm and to determine the optimal ampli-
tude reduction value (i.e., the set point value) to w15%. Both the
low value of the free oscillation amplitude (5 nm) and the low ampli-
tude reduction (15%) used as a feedback signal are of particular
importance for preventing disruption of the sample and stable im-
aging. The oscillation frequency was adjusted to w7 kHz by using
the resonance curve and the related phase response curve. The
cantilevers had a spring constant of 100 pN/nm, as calibrated in
solution with the equipartition theorem (Butt and Jaschke, 1995).
Images were taken at a line scan rate of w1 Hz, and 512 pixels/
line were recorded. Image acquisition time was w9 min.
Data Analysis
Statistical Analysis of the Virus Lattice
An average unit cell of the two-dimensional virus crystal (Figure
1C) was calculated by the analysis of w200 single unit cells. An
automated peak detection algorithm, together with a periodicity
analysis, was used to determine the periodicity of the virus ar-
rangement (Pastushenko and Schindler, 1997). Superposition and
averaging resulted in a slightly deformed hexagonal unit cell with
lattice constants of 31.0, 35.8, and 39.5 nm. All calculations were
done in MATLAB Version 6.1 (MathWorks Inc., Natick, MA).
Contrast Enhancement
The topographical image in Figure 2D was contrast enhanced with
MATLAB, resulting in a clearer presentation of the lower elevations
on top of the virus particles. The low-frequency part was sub-
tracted from the original image by using the program “savfilt”
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Kdownloaded from MATLAB exchange file), which takes a sliding
indow of adjustable size to calculate the average value in each
ixel. The procedure is similar to high-pass filtering, though it
voids the transformation into the Fourier-space. The inset in Fig-
re 2D shows the X-ray structure of an HRV2 hemisphere (Protein
ata Bank accession code 1FPN), where only elevated structures
re shown with RasWin.
istribution of Receptor-Virus Occupancy
he distribution (Figure 3D) was fitted with a binomial model by
sing least-square optimization; fit parameters were the number of
tates and the binding probability (optimal parameters were found
o be four possible states and a probability of 0.13 at a χ2 value of
0.3). The binomial model describes the association of receptor
olecules with viral particles and does so by neglecting a virus-
eceptor off rate and assuming an infinitely fast on rate. All calcula-
ions were done in MATLAB Version 6.1.
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